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INTRODUCTION 

Antibiotics are a class of antimicrobial chemicals that are produced 
by microorganisms (mainly the saprophytic molds and bacteria of the 
soil). 'These substances will inhibit the multiplication of various microor- 
ganisms or may destroy these organisms by interfering with cell wall de- 
velopment and/or metabolism. Each antibiotic has its own characteristic- 
ally selective "spectrum" of potency against various microorganisms, 
which varies not only for the species, but also for the strain of the in- 
fecting organism and other conditions. The term "broad spectrum" is ap- 
plied to antibiotics that are effective against a wide range of bacteria (1). 
In general, antibiotics are ineffective against typical viral diseases. With 
the significant exception of the penicillins and cephalosporins, which are 
produced by molds, all major classes of antibiotics are derived from bac- 
teria (2). 

The three most important classes of antibiotics, from both a commer- 
cial and clinical standpoint (Table 1 (3)) are the penicinins, cephalospor- 
ins, and tetracyclines. Over 100 different penicillins have been produced 
by natural fera~entation, however only penicillin G, penicillin V, and to a 
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Table 1 
US Antibiotic Production (1985) 

Antibiotic Production, $ Millions 

Cephalosporins 1211 
Penicillins 252 
Tetracyclines 280 
All others 754 
Total: 2497 

lesser extent  penicil l in O are produced  in commercia l  quanti t ies.  Table 2 
(4,5) gives some  of the  important  physical  propert ies  of the penicillins. 
All three  penicil l ins are p roduced  by the same process,  wi th  the constitu- 
tion of the g r o w t h  med ia  determining the specific penicillin that  is pro- 
duced.  All of the penicill ins are available in crystalline form, be ing  stable 
for several years  u n d e r  controlled condit ions.  Penicillin V is normal ly  ad- 
min is te red  orally, whi le  penicillin G is main ly  admin i s te red  in solution 
form, w h e r e  its stability is rather limited. Over  20 therapeutical ly useful  
semisynthe t ic  penicill ins are derived from penicill in G by biosynthesis .  

The penicil l ins are p roduced  by submerged  cul ture fe rmenta t ion  in 
40,000-200,000 L fermenters .  While m a n y  organisms can be used  to pro- 
duce  penicil l ins,  the yield is strongly d e p e n d e n t  on the strain that  is 
used.  In general ,  the  concentrat ions of antibiotics are very low, howeve r  
wi th  p roper  strain selection penicillin can be p r o d u c e d  in concentra t ions  
up  to 40 g/L, w h i c h  is one  or two orders of m a g n i t u d e  greater  than  m a n y  
other  antibiotics. 

Table 2 
Summary of Physical Properties 

Solubility ~ 
Molecular Melting Solubility ~ ethyl Solubility ~ 

weight point ~ water acetate ethanol 

Penicillin V 350.0 124.0 
K salt 388.0 263.0 

Penicillin G 334.0 
Na salt 356.0 215.0 
K salt 372.0 215.5 

Tetracycline ~ . 0  172.5 
Cephalosporin C 415.4 
Cephalothin 382.4 160.5 

Na salt 404.4 
Cephaloridine 399.0 

9.0 >20.0 >20.0 
>20.0 0.65 1.34 

>20.0 0.40 9.97 
>20.0 0.42 10.4 

>20.0 0.02 17.7 
>20.0 0.035 1.95 

~ in g/L at 294-301~ 
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The' cephalosporins are economically and therapeutically as impor- 
tant as the penicillins. These drugs are broad-spectrum antibiotics that 
have low toxicity. There are six natural and 13 semisynthetic cephalos- 
porins that are therapeutically important. They are produced by the same 
process used for the penicillins, utilizing a different growth medium and 
organisms; however  the final fermentation broth concentrations are one 
to two orders of magnitude lower, resulting in a more difficult separation 
and purification process. 

Tetracyclines are an important class of broad-spectrum antibiotics ac- 
tive against both gram-positive and gram-negative bacteria. There are six 
natural and six semisynthetic antibiotics of therapeutic importance. Like 
the penicillins and cephalosporins, the tetracyclines are produced by a 
similar fermentation process except that the organism is a bacteria in- 
stead of a fungi. Presently there are about 20 different organisms which 
can be used to produce tetracyclines. The current industrial yield is low. 
The patent literature (6,7,8) suggests concentrations of 0.2 to 2.0 g/L. 

Antibiotic manufacturing plants contain two main processing seg- 
ments; a highly specialized fermentation section and a large, energy-in-  
tensive separation and purification section. While the fermentation sec- 
tion accounts for only a relatively small portion of the total facility Fig. 1 
(9), highly specialized equipment (fermenters, heat exchangers, pumps,  
and so on) and operating conditions (large volumes of sterile air, a sterile 
environment,  growth media, organisms, low temperature cooling water, 
and so on) are required. 

The separation and purification section employs standard equip- 
ment  for the most part. However, this section is large and sterile condi- 
tions are required. The separation of the antibiotic from the fermentation 
broth and subsequent purification steps can require up to 60 separate 
unit operations. Liquid extraction is employed extensively using various 
organics such as amyl acetate, butanol, butyl acetate and so on. These 
solvents in turn must be purified by distillation and recycled, an energy- 
intensive process. A first step toward rebuilding the antibiotics industry 
after a national disaster would require a documentation of the many dif- 
ferent separation and purification methods that are currently in use. 

C O N V E N T I O N A L  S E P A R A T I O N  T E C H N O L O G I E S  

All antibiotic fermentations use similar equipment, while different 
antibiotics are produced by using different cultures and growth media. 
Some alterations in operating conditions may be required for opt imum 
performance. The separation and purification sections of an antibiotic 
plant can differ substantially depending on the specific antibiotic that is 
being produced and enduse purity requirements. Filtration, centrifuga- 
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1. Block diagram for a general antibio~c production process. 

tion, liquid-liquid extraction, and crystallization are generally employed. 
Usually several different separation methods are required in a repetitive 
manner  for a given antibiotic. 

The separation and purification must be conducted under  sterile 
conditions to avoid denaturing the drug or restricting the conditions un- 
der which it can be used. Many antibiotics are subject to rapid degrada- 
tion in the soluble form, placing time restrictions on the separation and 
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purification processes. In general, antibiotics are sensitive to high tem- 
peratures, eliminating any type of separation process that operates at 
temperatures well above ambient. 

The many different separation and purification methods currently in 
use for the three major families of antibiotics will be documented. The 
most common separation method currently in use will be described in 
some detail for each of the antibiotic families. 

Penicillin 

Many different processes have been used commercially to recover 
penicillin from the fermentation broth (2,5,10-13). The general flowsheet 
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is given by Fig. 2 (31). The process takes about 15 h. At the end of the 
fermentation, the penicillin is in an extracellular solution with other me- 
tabolites, the growth media, and cells. The first step is the removal of the 
cells via filtration under  conditions that will prevent contamination of the 
filtrate with ~-lactamase producing organisms. 

The penicillin rich filtrate is now cooled to 0-4~ to minimize degra- 
dation. The drug is isolated from the solution, usually by solvent extrac- 
tion. In an aqueous solution at a pH of 2.0-2.5, there is a high partition 
coefficient in favor of certain organic solvents such as butyl acetate, 
methyl  isobutyl ketone, and amyl acetate. The penicillin-rich extract is 
treated with 0.25-0.5% activated carbon to remove pigments and other 
impurities. The purified penicillin can then be extracted back into an 
aqueous buffer at a pH of 7.5. The drug is recovered from solution by 
adding sodium or potassium acetate and precipitating it as a metal salt. 
The crystals are washed and predried with anhydrous i-propanol, n-bu- 
tanol or other volatile solvents, with final drying being accomplished 
using a vacuum or warm air (10,11). 

Cephalospotin 
The cephalosporins are structurally very similar to the penicillins, 

and several are produced from penicillin by biosynthetic means. The 
cephalosporins that are produced from fungi are extracellular fermenta- 
tion products, which allows bulk filtration to be used to separate the 
solid matter from the antibiotic containing broth. Recovery from the 
filtrate is difficult because of the low product concentration and the need 
to remove high molecular weight (1000 row) biological compounds that 
can lead to allergic and toxic reactions when the drugs are administered. 
Final broth concentrations range from 1.0-4.0 g/L for cephalosporin C 
(14). 

Many different separation and purification schemes are employed, 
including conventional solvent extraction, ion exchange resins, and salt- 
ing out procedures. The general procedure is to filter the fermentation 
broth at acidic pH (5.0), followed by adsorption of the filtrate on acti- 
vated carbon, removal of the adsorbed antibiotic by contacting the car- 
bon with a mixture of water and a polar organic solvent, contacting the 
eluate with an anion exchange resin, and eluting the resin with a salt so- 
lution at a pH of 5.5-10.0. Frequently, the carbon adsorption steps are 
replaced with a precipitation step. Many different precipitations are pos- 
sible. Among the more common are (15) 

1. Crystallization of the potassium or sodium salt from purified 
aqueous solution of the cephalosporin by concentration and/or 
addition of large volumes of a miscible solvent. 
2. The zinc salt (also copper, nickel, lead, cadmium, cobalt, 
iron, and manganese) can be crystallized from purified aqueous 
solutions. 
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3. Insoluble derivatives such as the n-2,4-dichlorobenzoyl ce- 
phalosporin and tetrabromocarboxybenzoyl cephalosporin are 
crystallized as the acid from solution. 
4. Sodium-2-ethyl hexanoate will precipitate the sodium salt of 
N-derivatized cephalosporins from solvents. 

Tetracycline 
Tetracycline antibiotics are produced from bacteria of the soil. A gen- 

eral flowchart for the separation and purification of tetracyclines is given 
by Fig. 3 (16). Isolation methods for the tetracyclines must take into ac- 
count their amphoteric nature and the possibility of their polymerization 
or rearrangement. Several of the more common methods for recovery 
and purification of tetracyclines are outlined below (7). 

1. Adsorption on diatomaceous earth or activated charcoal with 
subsequent chromatography or selective extraction. 
2. Extraction from acid or alkaline medium. The most fre- 
quently used extraction agent is 1-butanol, owing to its suitable 
partition coefficient and economic availability. 
3. Direct mash extraction based on solubilizing the antibiotic by 
acidification, precipitation of Ca +2 with ammonium oxalate, ad- 
dition of quaternary ammonium compounds as carriers, and ex- 
traction of the metabolite with an organic solvent, usually one of 
the methylalkyl ketone type. 
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4. Precipitation (dry salt) process based on precipitation of the 
antibiotic from dilute aqueous solution of aryl azosulfonic acid 
dyes. Tetracyclines are precipitated as complexes with alkaline 
earth metal compounds or with primary and secondary alkyl 
amines. 
5. Solvent extraction of the antibiotic with salt, based on salting 
out (NaC1) the antibiotic from the aqueous to the organic phase 
(1-butanol). This method is also suited for refining a crude prod- 
uct. 

One tetracycline, oxytetracycline, is purified by combining the re- 
lease of oxytetracycline into the medium by acidification, precipitation of 
ballast compound with K2Fe(CN)6 and ZnSO4, extraction of the liquid 
fractions with butyl acetate, and precipitation of Ca § 2 with oxalic acid. 
After adjusting the filtrate with EDTA, Na2SO3, and citric acid, the crys- 
talline base of oxytetracycline is obtained. 

Further purification is carried out by crystallization as salts (e.g., hy- 
drochlorides) or bases. Particularly efficient is crystallization from boiling 
solvents, such as lower alcohols, ketones, or aliphatic ethers of ethylene 
glycol, which yield nonhygroscopic preparations. Residual amounts of 
antibiotic in the mother liquor are increased by oxalate and chloride ions, 
while sulfate anions have the opposite effect. Crystallization is most 
efficiently performed at 2~ for 3 h (17,18). 

ADVANCED S E P A R A T I O N  T E C H N O L O G I E S  

Three relatively new and potentially very powerful separation/puri- 
fication methods for antibiotics are chromatography, supercritical fluid 
(SCF) extraction, and membranes. If the size of the antibiotic manufac- 
turing process is to be substantially reduced, this reduction will have to 
come in the separation and purification sections of the plant, which re- 
presents 60-80% of a typical plant. Chromatography, SCF extraction, 
and membrane technologies are relatively new in regard to their applica- 
tion to the antibiotic process. Most of this work is still in the developmen- 
tal stages, al though some penicillins and cephalosporins are separated 
commercially using HPLC and/or membranes (19,20). 

Chromatography 
Chromatography has been known for many years and used very ef- 

fectively as an analytic tool. Recently there has been a great deal of inter- 
est in using preparative chromatography as a commercial separation and 
purification device for antibiotics (19-31). This research centers around 
the development of highly selective resins, and scaleup procedures in- 
duding  proper operating parameters. The major problems with a prepar- 
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ative chromatographic separation process are the adverse effects of in- 
creased column diameter on the resins and flow properties in the bed, 
and the batch nature of the process. 

One way of making a continuous chromatographic process would be 
to use the annular chromatograph developed by Scott et al. (32), depicted 
in Fig. 4. The annular chromatograph is not yet in use commercially, 
however  its large scale use has been demonstrated and the design equa- 
tions developed (29,33). 

Several patents (30,31) exist in the literature for the recovery of 
cephalosporin antibiotics using HPLC. Fig. 5 (20) gives a potential pro- 
cess flowsheet. The HPLC columns depicted are 60 cm in length and 20 
cm in diameter. A special problem encountered in the manufacture of 
many cephalosporins is the contamination of the drug with relatively 
high weight proteinaceous materials and peptides from the fermentation 
broth. These contaminates cause allergic and toxic manifestations upon 
administration (30). HPLC has been found to be an effective method of 
removing these contaminates when used as a final purification step. 

Fig. 4. 

~ ' -  ANN ULAR BED 
1.27r x 60cm 

Detailed diagram of an annular chromatograph. 
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Supercritical Fluid (SCF) Extraction 

The solubility of solids in SCF was discovered over 100 years ago. 
Supercritical extraction is similar to conventional liquid extraction except 
in this case a compressed gas, rather than a liquid, is contacted with a 
solid or liquid mixture in order to selectively extract one or more compo- 
nents. In the critical region (reduced temperatures of 1.0-1.2), fluids ex- 
hibit large changes in density and dielectric constant with changes in 
pressure and temperature. The density of an SCF can approach that of 
the condensed phase. Since the solubility of a nonvolatile substance_ is 
strongly dependent  on the solvent density and dielectric constant, SCF 
solvents can be used to extract heavy (low vapor pressure, high molecu- 
lar weight) substances. 

A unique property of this process is that the dissolved substance 
may be separated by decreasing the fluid density. This is accomplished 
by expanding the mixture by either decreasing the pressure or increasing 
the temperature. The key point is that a small change in temperature or 
pressure will result in a large change in solvent density and thus a large 
change in solubility. Recently SCF extraction was applied commercially 
to the decaffeination of coffee and has generated widespread interest in 
the pharmaceutical industry (29,34) because this separation technique 
can be performed at low temperatures (20-60~ Figure 6 presents a 
schematic diagram of the basic process. 

Conventional liquid-liquid extraction, which is quite common i n t h e  
antibiotic industry,  often requires a difficult crystallization, a distillation 
and/or use of a second solvent. A solvent residue may be left on the prod- 
uct. With SCF extraction the extract is separated by reducing the solvent 
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Fig. 6. Schematic diagram for separation/purification of antibiotics using 
supercritical fluid extraction. 

density to the gaseous state, thereby leaving very little solvent on the 
product. In addition, the transport properties of SCFs are closer to those 
of the gaseous state than the liquid state. These enhanced diffusivities 
and viscosities will minimize any mass transfer problems in the extrac- 
tion. Recently a patent (35) was issued for the separation and purification 
of antibiotics using supercritical fluids. The major advantages would be a 
possible reduction in the number of processing steps and elimination of 
the large and expensive solvent recycle system. 

Many different SCF solvents are possible as extracting agents. Table 
2 shows that the solubility of penicillin V in ethanol is over twice what it 
is in water (the major constituent of the fermentation broth). In the su- 
percritical region, ethylene and water are immiscible with ethanol distri- 
buting between the two phases. It is reasonable to postulate that if a SCF 
mixture of ethylene and ethanol were used for fermentation broth extrac- 
tion, penicillin V would likely be concentrated in the SCF phase. 

Membranes 

Membranes are defined as imperfect physical barriers between two 
fluid phases. Transport of dissolved substances between the two fluid 
phases is determined by the physical characteristics of the membrane 
and properties of the dissolved substances. Two important  properties of 
a membrane are the permeability, the rate at which a given component is 
transferred through the membrane under defined conditions, and the 
permselectivity, the ratio of the permeation fluxes of two components 
through the membrane under  identical driving forces (2). Membranes 
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can separate either by molecular size or chemical properties such as elec- 
tron charge, and so on. 

Membranes are attractive for antibiotic separation and purification 
because they operate at ambient temperature, can be very selective are 
easily scaled up, and will operate with high flow rates (29). Figure 7 (19) 
illustrates the basic concept. Recently membranes have been used for the 
isolation of cephalosporin C from the fermentation broth (19,27). 

CONCLUSIONS 

Antibiotic production is a complex capital intensive process, which 
divides naturally into two segments, fermentation and separation/purifi- 
cation. The separation and purification section is very large as a result of 
the number  of processing steps required (up to 60) and the need to purify 
and recycle large quantities of organic solvents. Separation and purifica- 
tion is not generic within the antibiotic industry. Not only does each indi- 
vidual antibiotic require a different separation process, but also there are 
many different separation schemes in use for the same antibiotic. Much 
research is currently in progress on three relatively new separation tech- 
niques on a commercial level, which may lead to substantial reductions 
in the complexity of the process; chromatography (both conventional 
preparative HPLC and annular chromatography), supercritical extrac- 
tion, and various membrane processes. 

ACKNOWLEDGMENT 

This project was supported by a grant from the Federal Emergency 
Management  Agency (FEMA), interagency agreement no. EMW-84-E- 
1737, DOE 40-1457-84. 

I CHLLED WATER J 

TANK 

Fig. 7. 

BYPASS 

RO MODULE 

z 

ERMEATE 

:~ PUMP 

Reverse osmosis concentration of cephalosporin C. 



Evaluation o f  Separation and Purification Processes  273 

REFERENCES 
1. fiollmann, T. (1957), A Manual of Pharmacology, 8th ed., W. B. Saunders, 

London. 
2. Perlman, D. (1969), Adv. in Appl. Microb. 11, 159, Academic, New York. 
3. Stinson, S. C. (1985), C & E News, 16, 25. 
4. Kertes, A. S. (1985), Solubility Data Series, 16 & 17, Pergamon, NY. 
5. Atkinson, B., and Mavituna, F. (1983), Biochem. Eng. and Biotechnol. Hand- 

book, Nature Press, London. 
6. Lepetit, S. P. A. Production of the Antibiotic Tetracycline by Fermentation, British 

Patent #775 139, May 22, 1957. 
7. Minieri, P. P., and Sokol, H. Process for the Preparation of Tetracycline and 

Chlortetracycline, United States Patent # 2,734,018 February 7, 1956. 
8. McGhee, W. J., and Megna, J. C. Process for the Production of Tetracycline, 

United States Patent #2,776,243 January 1, 1957. 
9. Okabe, M., and Aiba, S. (1975), J. Ferment. Technol. 53(10), 730. 

10. Elder, A. L., ed. (1970), AIChE Symp. Ser., 66, 1. 
11. Hugo, W. B., and Russel, A. D. (1977), Pharm. Microb., Blackwell, London. 
12. Inman, F. N. (1984), Filtr. Sep., May/June, 165. 
13. Peppler, H. J., and Perlman, D. (1979), Microb. Technol., 2nd ed., Academic, 

NY. 
14. Niss, H. F. Process for the Manufacture of Cephalosporin C, United States Patent 

#3,539,694 June 23, 1967. 
15. Wildfeuer, M. E. (1985), Pur. Ferment. Prod., 155. 
16. Hockenhold,  D. J. D. (1959), Fermentation of the Tetracyclines, Interscience, 

NY. 
17. Plues, S. Antibiotic Purification Process, United States Patent #3,983,108 Sep- 

tember 28, 1976. 
18. Gavrilescu, M., Pal, C., User, S., Tonescu, S., and Margineanu, N. Process 

for the Isolation and Purification of Tetracycline, British Patent #1 368 668 Octo- 
ber 2, 1974. 

19. Kalyanpur, M., Seka, W., and Siwak, M. (1984), SA Filtr., Nov., 8. 
20. Cantwell, A. M., Calderone, R., and Sienko, M. (1984), J. Chrom., 316, 133. 
21. Dwyer, J., Findeisen, C., and Seka, W. (1984), Pharm. Tech., 8(9), 100. 
22. Dwyer, J. (1984), World Biotech. Rept., 651. " 
23. Knox, J. H., and Jurand, J. (1975), ]. Chrom. 110, 103. 
24. Yoshikawa, T. T., Maltra, S. K., Schotz, M. C., and Guze, L. B. (1980), Rev. 

Infec. Dis. 2(2), 169. 
25. Watson, I. D., Platt, D. J., McIntosh, S. J., Stewart, M. J., and Cohen, H. N. 

(1982), Clinical Biol. Dev. HPLC, 180. 
26. White, E. R., and Zarembo, J. E. (1981), J. Antib., 24(7), 836. 
27. Kalyanpur, M., Seka, W., and Siwak, N. (1985), Dev. Ind. Micro. 26, 455. 
28. Miller, R. D., and Neuss, N. (1976), J. Antib. 29(9), 902. 
29. Mascone, C. F. (1987), Chem. Eng. 19, 21. 
30. Stewart, G. T. Purified Cephalosporins and Their Production, British Patent 

#1232 656 May 23, 1968. 
31. Blackburn, D. W. Cephalosporin Purification Process, United States Patent # 

4,028,755 June 7, 1977. 
32. Scott, C. D., Spence, R. D., and Sission, W. G. (1976), J. Chromatogr. 126, 

381. 
33. Begovich, J. M., and Sisson, W. G. (1984), AIChE ]. 30, 705. 
34. Larson, K. A., and King, M. L. (1986), Biotec. Prog., 2(2), 73. 
35. Cohen, H. Isolation and Purification of Antibiotics, German Patent #33 18 194 

May 19, 1983. 


